Background
pemetrexed vs. docetaxel in maintenance therapy. More importantly, we used the Cochrane Collaboration tool to assess the risk of bias and the GRADE system to assess the grade of evidence.
Materials and Methods

Study design
This systematic review and meta-analysis strictly followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement guidelines 2009 [21] . Except for Brodowic [6] , Belani [14] and Karayama [22] studies, all of the other studies have protocols, which were available from https://clinicaltrials.gov.
Eligibility criteria
The following study selection criteria were applied: (1) population: patients were pathologically diagnosed with advanced chemotherapy-naïve NSCLC; (2) intervention: gemcitabine or pemetrexed as a single agent was applied in maintenance therapy after 4 to 6 cycles of induction chemotherapy; (3) comparison: no restrictions were imposed and included BSC/observation, cytotoxic agents, vascular endothelial growth factor receptor (VEGFR), EGFR-TKI or any other therapeutic drugs; (4) outcomes: HR of PFS and OS, risk ratios (RR) of grade 3-4 adverse events (AEs); (5) study design: only RCTs were eligible.
Literature search
Electronic databases, including PubMed, EMBASE, and Cochrane Central Register of Controlled Trials (CENTRAL), were searched for relevant clinical trials published from their inceptions to September 16, 2015 . The following key words were applied: (1) "lung cancer gemcitabine maintenance" and (2) "lung cancer pemetrexed maintenance". After the first search, article types were chosen as follows: "clinical trial" was chosen in PubMed, "randomized control trials" was chosen in EMBASE, and no restrictions were imposed in the Cochrane library. Additionally, no language restrictions were imposed. Furthermore, we screened the references from the retrieved original articles and screened the ASCO, ESMO, and NCCN databases between 2008 and 2015 to identify any other potentially eligible studies.
Study selection
The selection of trials main was accorded to eligibility criteria. This process were performed by two authors and blinded. The meeting abstracts fulfilling the criteria were also included. The references were screened by titles and further selected by reading the abstracts.
Data extraction and items
Two reviewers independently extracted the following data from each eligible study: first author's last name and year of publication, trial's name and registration number, number of patients, region and race, histology, the drugs of induction and maintenance therapy, HR of PFS and OS, and the incidence of grade 3-4 AEs. Any disagreements were resolved by consensus or consultation with a third reviewer.
Collaboration's tool was adopted to assessing the risk of bias [23] , and the GRADE system was used to assess the grades of evidence [24] .
The assessment for the risk of bias was strictly performed according to the guidelines outlined in the Cochrane handbook. Two investigators objectively reviewed all of the studies and assigned a value of ''low", ''unclear" or "high" to the following six domains: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other bias. All of the open-label trials were judged as "high risk" in the blinding of participants (performance bias) and researchers as well as blinding of the outcome assessment (detection bias).
The GRADE system identified the following four grades to rate the quality of evidence [25] : (1) high: further research is very unlikely to change the estimate of the effect; (2) moderate: further research is likely to impact the estimate of the effect and may change the estimate; (3) low: further research is very likely to impact the estimate of the effect and is likely to change the estimate; and (4) very low: any estimate of the effect is very uncertain.
Statistical analysis
We estimated HRs and 95% confidence intervals (CIs) for PFS and OS and the RR for the grade 3-4 AEs. Heterogeneity was determined using the chi-squared-based Cochran's Q statistic and I 2 statistic. I 2 values of 0-40%, 40-70% and 70-100% were used to represent low, moderate and high variance, respectively [26] . If moderate heterogeneity existed or different clinical characteristics were noted, the random-effects model was used. Otherwise, the fixed-effects model was used. If significant heterogeneity was identified, subgroup analysis or sensitivity analyses were conducted. Potential publication bias was evaluated by funnel plots and Egger's weighted linear regression test. RevMan 5.3 was used to generate the figure of the "Cochrane Collaboration's tool for assessing risk of bias". The GRADE profiler software (version 3.6) (available at: http://www.grade/workinggroup.org/) was used to assess the grades of evidence. All of the other statistical data analyses were performed using Stata 11.0. All of the p-values were two-sided and were considered statistically significant at the 0.05 level.
Results
Study selection and characteristics
Three hundred four relevant citations were identified at the initial search stage. Finally, 11 studies were included in this systematic review, and 10 studies were included in the meta-analysis. These studies were divided into the following 4 groups: gemcitabine vs. BSC/observation, pemetrexed vs. BSC±placebo, pemetrexed +bevacizumab vs. bevacizumab, and pemetrexed vs. bevacizumab. Other studies concerning pemetrexed vs. docetaxel were qualitatively analyzed separately. The flow diagram of the literature retrieval and selection is presented in Fig 1. The main characteristics of all of the eligible RCTs are presented in Tables 1 and 2 . Except for the Mubarak [27] and Karayama [22] were multicenter phase II clinical trials, all of the other studies were multicenter phase III clinical trials. The Ciuleanu [8] and Paz-Ares [9, 10] studies involved randomized, double-blind trials, whereas the Perol [7] , Mubarak [26] , Patel [20] , Barlesi [18, 19] , Zinner [28] , Galetta [29] and Karayama [29] studies were randomized, open-label trials. Only the Brodowicz [6] trial did not describe whether it was a double-blind or open-label trial.
Risk of bias and grades of evidence
The results for assessing the risk of bias are shown in Fig 2, and the grades of evidence are presented in Tables 3-6 . Two double-blind trials offered better descriptions of random sequence generation, allocation concealment, blinding of participants and personnel, and blinding of outcome assessment. All of the open-label trials did not describe the details of allocation concealment, and, more importantly, their main bias was the lack of blinding.
PFS
The meta-analysis pooled results are presented in Fig 3. The heterogeneity test indicated that a random-effects model could be selected. As a result, in the gemcitabine vs. BSC/observation group, the pooled HR was 0.62 (0.53-0.72, p = 0.000; I 2 = 0.0%, p = 0.318). In the pemetrexed vs. BSC ± placebo group, the pooled HR was 0.54 (0.41-0.71, p = 0.000; I 2 = 59.8%, p = 0.083).
In the pemetrexed+ bevacizumab vs. bevacizumab group, the HR was 0.71 (0.50-1.00, p = 0.051; I 2 = 81.5%, p = 0.02). In the pemetrexed vs. bevacizumab group, the HR was 0.96 
OS
The meta-analysis pooled results are presented in Fig 4 . The heterogeneity test indicated that a fixed-effects model could be selected. Thus, in the gemcitabine vs BSC/observation group, the 
Grade 3-4 AEs
The meta-analysis pooled results are presented in Fig 5. The heterogeneity test indicated that a random-effects model could be selected. Thus, in the gemcitabine vs. BSC/observation group, the pooled HR was 4.70 (2.87-7.69, p = 0.000; I 2 = 14.6%, p = 0.279). In the pemetrexed vs.
BSC ± placebo group, the pooled HR 
Sensitivity analysis
Sensitivity analyses were conducted on PFS and grade 3-4 AEs to assess the heterogeneity. Thus, the PFS in the Ciuleanu and Patel studies and the grade 3-4 AEs in the Patel and Zinner studies likely contributed to the heterogeneity (Figs 6 and 7) . careful to avoid mixing the groups. Instead of using previous quality assessment tables, we adopted the Cochrane-recommended Cochrane Collaboration's risk of bias graph to assess the risk of bias and the GRADE system to assess the grading of evidence in the outcome of the meta-analysis to more objectively evaluate the bias risk and the evidence grading of studies. The Cochrane Collaboration's risk of bias graph revealed that the overall bias of all of the included studies was moderate. Among these studies, two double-blind studies exhibited low bias. The GRADE system revealed that the overall grading of evidence in the gemcitabine vs. BSC/observation group was "MODERATE", and the pemetrexed VS BSC ± placebo group exhibited a "HIGH" rating. The pemetrexed + bevacizumab vs. bevacizumab group and pemetrexed vs bevacizumab group exhibited "LOW" grades.
In the gemcitabine vs. BSC/observation group, gemcitabine significantly improved PFS (HR = 0.62, p = 0.000, I 2 = 0.0%) but did not significantly improve OS (HR = 0.91, p = 0.314, Gemcitabine and Pemetrexed as Maintenance Therapy in NSCLC: A Systematic Review and Meta-Analysis I 2 = 0.0%). The grades of evidence of PFS and OS in the GRADE system were "MODERATE"
and were attributed to the studies of Brodowicz [6] and Belani [14] (these studies did not describe whether they were open-label or double-blind) and the Perol study [7] (this was an open-label trial). Thus, all of the three studies displayed bias in allocation concealment and blinding performance. Regarding histology, all of three studies were NSCLC, include adenocarcinoma, squamous cell carcinoma, large cell carcinoma and other type. In subgroup analysis of the Perol [7] study, different benefits were not noted between the squamous and non-squamous sub-types, all of the remaining subgroups exhibited a benefit in PFS, but the benefit was more obvious in patients who had an objective response to induction treatment. The Brodowicz [6] and Belani [14] studies did not conduct a subgroup analysis. As for performance status (PS), in Belani's study [14] , only 36% of patients had a Eastern Cooperative Oncology Group (ECOG)1 at the time of randomization, but this data in Perol's study [7] was 94.5% (292/ 309), and in Brodowicz's study [6] 48.1% (99/206) of patients had a Karnofsky performance status (KPS)>80 scores. Regarding the grade 3-4 AEs, gemcitabine therapy significantly increased the grade 3-4 AEs (HR = 4.7, p = 0.000), and the effect was distinct. Only one study showed an RR > 2, and another study showed an RR > 5, thus increasing the scores of the evidence grade. Thus, the grade of evidence was "HIGH". The most common AE was neutropenia with an incidence of 13.3 to 20.8% [7, 14] . Our results were consistent with those of Zhang [13] , in which the pooled HR of PFS was 0.53 (0.43-0.65) and that of OS was 0.88 (0.74-1.04). The Perol study was only published as an abstract.
In the pemetrexed vs. BSC±placebo group, pemetrexed improve both the PFS (HR = 0.54, p = 0.000; I 2 = 59.8%, p = 0.083) and OS (HR = 0.75, p = 0.000, I 2 = 0.0%). The grades of evidence for PFS and OS were both "HIGH", which were attributed to the two primary studies being double-blind trials with no bias in allocation concealment and blinding performance. Our sensitivity analysis revealed that the heterogeneity in PFS originated from the Ciuleanu [8] study. In that study, the HR of PFS for all NSCLC cases was 0.50 (0.42-0.61). When this HR was incorporated into this meta-analysis, the pooled HR was 0.55 (0.47-0.65, p = 0.000; I 2 = 11%, p = 0.325). Additionally, regarding the squamous histology cases, the HR of PFS was 0.69 (0.49-0.98), and the HR of OS was 1.07 (0.77-1.50). In addition, the OS advantage disappeared.
No additional subgroup data were available from the Ciuleanu [8] and Mubarak [26] studies, so we were unable to perform a subgroup meta-analysis to further assess the heterogeneity. In the Paz-Ares [9, 10] study, PFS and OS were improved in all of the subgroups. In patients with a complete response (CR) or partial response (PR), the HR in the CR or PR was 0.48. In patients with stable disease (SD), the HR was 0.74. Regarding grade 3-4 AEs, pemetrexed significantly increased the AEs (HR = 3.27, p = 0.002; I2 = 63.8%, p = 0.063). Because the sample size of the Mubarak [26] study was too small, after we excluded this study, the heterogeneity was absent (I 2 = 0.0%), and the HR was 4.59. The evidence grade was also "HIGH" because one study had an RR > 2 and another study had an RR > 5, thus increasing the evidence grade scores. The most common grade 3-4 AEs were fatigue (5%), neutropenia (3-4%), anemia (3-4%) [8, 9, 10] . In the pemetrexed + bevacizumab vs. bevacizumab group, the pemetrexed + bevacizumab group almost exhibited significantly improved PFS (HR = 0.71, p = 0.051; I 2 = 81.5%, p = 0.020), but no obvious change in OS was noted (HR = 0.98, p = 0.744, I 2 = 0.0%), thus significantly increasing the incidence of grade 3-4AEs (HR = 1.25, p = 0.002, I 2 = 62.1%, p = 0.104). The evidence grade of PFS and grade of 3-4 AEs was "LOW", which could be attributed to the fact that all of the studies were open label trials and the large heterogeneity. However, regarding OS, the evidence grade was elevated to "MODERATE" because no heterogeneity was noted. The sensitivity analysis indicated that the heterogeneity in PFS and grade 3-4 AEs both originated from the Patel [20] study. This study lacked subgroup data to perform a subgroup meta-analysis, and which was limited in its design, which did not allow separate evaluation of the contribution of maintenance therapy to the efficacy outcomes. The evidence grades of PFS and OS were "MODERATE". This result was attributed to the fact that these trials were open label, but large heterogeneity was not noted. However, regarding grade 3-4 AEs, the evidence grade decreased to "LOW" due to the obvious heterogeneity. The sensitivity analysis indicated that the heterogeneity was derived from the Zinner [27] study. The Karayama [29] study assessed pemetrexed versus docetaxel in maintenance therapy after induction treatment with pemetrexed and carboplatin. The primary endpoint was survival without toxicity, and survival in the pemetrexed group (median: 20.8 months) was significantly increased compared with the docetaxel group (median: 0.5 months, HR = 0.36). However, the docetaxel group (8.2 months) exhibited an increased median PFS compared with the pemetrexed group (4.1 months), and the HR was 0.56 (p = 0.084). The OS in the pemetrexed group was increased (20.6 months) compared with the docetaxel group (19.9 months), and the HR was 0.79 (p = 0.622). Because this group only included one study, we did not use the GRADE system to assess the level of evidence.
Association with social economics. In recent years, the increasing emphasis on healthcare spending has placed growing pressure on policymakers. In the United States, US$2.8 trillion per year is spent on healthcare, a level that outpaced the gross domestic product (GDP) [30] . Several cost-effective studies of maintenance pemetrexed have been conducted according to the JMEN trial in the United States, United Kingdom, Switzerland, and Japan. The incremental cost-effectiveness ratio (ICER) per life year gained of maintenance pemetrexed was US $122,371 in the US (just below the accepted US standard of renal hemodialysis with an ICER of US$129, 090) [31] . An estimate of ICER was US$139,000 in Switzerland (above the nationally accepted willingness-to-pay threshold in Switzerland of €72, 000) [32] , US$72,000 in the United Kingdom [33] , and US$150,115 in Japan (above the Japanese threshold of US$43,478).
Limitations
At the original study level: (1) The Belani [14] study was only an abstract, and the patient population had a worse PS at the time of randomization, which maybe induced a negative outcomes. (2) All of the open-label trials had a bias in allocation concealment and blinding performance. (3) The limitation in the designs of the Patel (2013) [20] , Zinner (2015) [27] and Galetta (2015) [28] studies involves not separately evaluating the contribution of maintenance therapy to the efficacy outcomes. However, the other RCTs confirmed that the PFS or OS of pemetrexed was consistent in induction + maintenance therapy compared with maintenance therapy alone [9, 10] .
2. At the systematic review and meta-analysis level: (1) We only searched the PubMed, Embase, Cochrane library, ASCO, ESMO, and NCCN databases and cannot account for other potentially relevant articles that were published in any other database. (2) Only a limited number of studies were included in the separate-group meta-analysis. (3) In the pemetrexed VS BSC ± placebo group, the Ciuleanu [8] study involved switch maintenance, whereas the PazAres [9, 10] study involved continuation maintenance. Although they both revealed a change in PFS and OS, other differences remain unknown. (4) Sufficient subgroup data were not available to perform subgroup analysis to further explore heterogeneity.
Conclusions
In our article, we confirmed that gemcitabine significantly improved PFS compared with BSC, pemetrexed significantly improved PFS and OS compared with BSC ± placebo, and pemetrexed + bevacizumab approached a significantly improved PFS compared with bevacizumab alone. The incidence of grade 3-4 AEs was significantly increased in the maintenance therapy arm compared with the control arm. Additional trials are required to confirm the impact of pemetrexed + bevacizumab vs. bevacizumab and pemetrexed vs. bevacizumab. In particular, randomized, controlled double-blind trials are required. Randomized, controlled double-blind trials are also needed for gemcitabine vs. BSC studies. In pemetrexed + bevacizumab vs. bevacizumab or pemetrexed vs. bevacizumab studies, the contribution of maintenance therapy to the outcomes should be separately evaluated. Finally, regarding the socioeconomic impact, the problems of maintenance therapy must identify new solutions. 
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